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(54) ELECTROSTATIC RELAY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrostatic 
relay with superior practical applicability of low drive 
voltage, low contact resistance, and high contact 
capacity. 

SOLUTION: This electrostatic relay comprises a double- 
supported beam-like twisted elastic part 3 which is held 
on a substrate 1, while being kept a space from the 
substrate, a movable structure part 10 made rotatable 
by the elastic support by the twisted elastic part 3, at 
least one movable contact arranged in at least one end 
part of the movable structure part 10, a movable 
electrode 20 arranged between a rotation fulcrum P of 
the movable sturcture part 1 0 and the movable contact, 
at least one fixed contact 5 formed facing the opposite 
to the movable contact on the substrate in the manner 
the movable contact can be brought into contact with ) z 

the contact 5, and a fixed electrode 4 formed opposite jU ~ T ~ — ^ 

to the movable electrode 20 on the substrate 1 . At least t ~~ "~~ 

a part of the section between the rotation fulcrum P of 

the movable structure part 10 and the movable contact is an elastic communication part 14. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A substrate and the twisting elasticity section of the shape of a doubly-supported 
beam held with the opening on this substrate, At least one traveling contact arranged at the 
movable structured division which can rotate freely by the elastic support by this twisting 
elasticity section, and one [ at least ] edge of this movable structured division, The movable 
electrode arranged between the rotation supporting point of said movable structured division, 
and said traveling contact, In the electrostatic relay equipped with at least one stationary 
contact formed on said substrate which counters said traveling contact possible [ contact ], and 
the fixed electrode formed on said substrate so that said movable electrode might be countered 
The electrostatic relay characterized by at least the part between the rotation supporting point 
of said movable structured division and said traveling contact being the elastic Division for 
Interlibrary Services. 

[Claim 2] The electrostatic relay according to claim 1 from which said elastic Division for 
Interlibrary Services is between said movable electrode in said movable structured division, and 
said traveling contact, and constituted said traveling contact and said stationary contact from an 
parallel condition possible [ contact ] by elastic deformation at the time of electrical-potential- 
difference impression of a between [ said movable electrodes and said fixed electrodes ]. 
[Claim 3] The electrostatic relay according to claim 1 or 2 constituted so that said elastic 
Division for Interlibrary Services might be between said rotation supporting point in said movable 
structured division, and said movable electrode and said movable electrode might be attracted by 
the contiguity condition parallel thru/or near in parallel to said fixed electrode by elastic 
deformation at the time of electrical-potential-difference impression of a between [ said movable 
electrodes and said fixed electrodes ]. 

[Claim 4] The electrostatic relay according to claim 1 , 2, or 3 with which the dielectric layer 
intervenes between said movable electrodes and said fixed electrodes. 

[Claim 5] The electrostatic relay according to claim 1 , 2, 3, or 4 with which said fixed electrode is 
formed on said substrate so that said movable electrode of both sides may be countered, 
respectively while said movable electrode is arranged for said traveling contact by one [ at 
least ] side to said rotation supporting point at both sides, respectively by said movable 
structured division having extended on both sides of the twisting elasticity section of the shape 
of said doubly-supported beam. 



[Translation done.] 
* NOTICES * 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrostatic relay using the electrostatic 

actuator using electrostatic attraction as a driving source. 

[0002] 

[Description of the Prior Art] An electrostatic relay is a relay which opens and closes a contact 
by making electrostatic attraction into driving force unlike the electromagnetic relay using the 
conventional electromagnet, the coil for generating electromagnetic force is unnecessary, there 
are few machine parts, in order to use that it can miniaturize and the electrostatic actuator 
which is essentially a capacitor as a driving source, there is the description of being a low power 
and research is advanced towards utilization. 

[0003] As such an electrostatic relay, as it is in JP.2-1 00224.A, for example, the seesaw-like 
structure by which the single crystal Si was connected with the torsion-bar-spring elastic body 
by selective etching at it is formed, the movable electrode section of an electrostatic actuator 
and the traveling contact of a relay are formed in the structure, and there are some which have 
been arranged through a spacer on the electric insulation substrate which prepared the fixed 
electrode and the stationary contact in the location which counters each. 

[0004] By impressing an electrical potential difference between a fixed electrode and a movable 
electrode at the time of actuation, by torsion of a torsion-bar-spring elastic body, the seesaw- 
like structure of the side to which the electrical potential difference was impressed rotates, and 
this electrostatic relay contacts a traveling contact to a stationary contact. 
[0005] 

[Problem(s) to be Solved by the Invention] In this electrostatic relay, since the traveling contact 
is prepared in the edge of the seesaw-like structure, in order that a traveling contact may 
contact in the state of an inclination to a stationary contact at the time of contact, sufficient 
touch area is not obtained, but contact resistance becomes high. Moreover, since the structure 
will contact a traveling contact and coincidence if the location of the structure which prepares a 
traveling contact is not chosen appropriately, the pressure between contacts may become 
inadequate. 

[0006] Furthermore, since the movable electrode which counters a fixed electrode is formed in 
rotation supporting-point approach rather than the traveling contact location of the seesaw-like 
structure held through the opening with the torsion-bar-spring elastic body, when a traveling 
contact contacts a stationary contact and rotation of the seesaw-like structure stops, a wedge- 
shaped air gap produces such an electrostatic relay of a configuration between a fixed electrode 
and a movable electrode. 

[0007] however, electrostatic attraction — an electrode spacing — reverse — it is proportional 
to square. Therefore, as for an electrostatic actuator, electrostatic attraction will become small 
also in the time of suction actuation for this air gap. For this reason, since sufficient pressure for 
a contact is not applied, in order to be unable to make contact resistance sufficiently small and 
to conquer this, making operating voltage high will bar the practicality of an electrostatic relay 
remarkably. 

[0008] This invention aims at offering a low-battery drive, low contact resistance, and an 
electrostatic high relay of the practicality of high contact capacity in view of the above- 
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mentioned point. 

[0009] Other purposes and new descriptions of this invention are clarified in the gestalt of the 

below-mentioned operation. 

[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, an 
electrostatic relay of this invention A substrate and the twisting elasticity section of the shape 
of a doubly-supported beam held with the opening on this substrate, At least one traveling 
contact arranged at the movable structured division which can rotate freely by the elastic 
support by this twisting elasticity section, and one [ at least ] edge of this movable structured 
division, The movable electrode arranged between the rotation supporting point of said movable 
structured division, and said traveling contact, In the configuration equipped with at least one 
stationary contact formed on said substrate which counters said traveling contact possible 
[ contact ], and the fixed electrode formed on said substrate so that said movable electrode 
might be countered It is characterized by at least the part between the rotation supporting point 
of said movable structured division and said traveling contact being the elastic Division for 
Interlibrary Services. 

[0011] Moreover, in said electrostatic relay, it is good for said elastic Division for Interlibrary 
Services to be between said movable electrode in said movable structured division, and said 
traveling contact, and to constitute said traveling contact and said stationary contact from an 
parallel condition possible [ contact ] by elastic deformation at the time of electrical-potential- 
difference impression of a between [ said movable electrodes and said fixed electrodes ]. 
[0012] Furthermore, it is good to constitute so that said elastic Division for Interlibrary Services 
may be between said rotation supporting point in said movable structured division, and said 
movable electrode and said movable electrode may be attracted by the contiguity condition 
parallel thru/or near in parallel to said fixed electrode by elastic deformation at the time of 
electrical-potential-difference impression of a between [ said movable electrodes and said fixed 
electrodes ]. 

[0013] In addition, the dielectric layer may intervene between said movable electrodes and said 
fixed electrodes. 

[0014] Moreover, while said movable electrode is arranged for said traveling contact by one [ at 
least ] side on both sides to said rotation supporting point, respectively by said movable 
structured division having extended on both sides of the twisting elasticity section of the shape 
of said doubly-supported beam, it is good also as a configuration by which said fixed electrode 
was formed on said substrate so that said movable electrode of both sides might be countered, 
respectively. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of the electrostatic relay 
concerning this invention is explained according to a drawing. 

[001 6] Drawing 1 thru/or drawing 4 show the gestalt of implementation of the 1 st of the 
electrostatic relay concerning this invention. Setting to these drawings, the electrostatic relay 
possesses the twisting elasticity section 3 of the shape of a doubly-supported beam held with 
the opening from the substrate 1 by the insulating substrate 1, the support structure 2 which 
was set up and fixed on the substrate 1, and the support structure 2, and the movable 
structured division 10 which makes the relay structure which can rotate freely by the elastic 
support by the twisting elasticity section 3. Said insulating substrate 1 is a single crystal Si 
substrate which insulating processing of the front face is carried out at least, and prepared Si02 
insulating layer in the front face. Three persons of the support structure 2, the doubly-supported 
beam-like twisting elasticity section 3, and the movable structured division 10 are formed in one 
with Polycrystal Si etc. 

[0017] The movable structured division 10 which constitutes the relay structure consists of the 
elastic Division for Interlibrary Services 14 which connects the doubly-supported beam 
connection 1 1 and the movable electrode supporter 12 linked to the twisting elasticity section 3 
of the shape of said doubly-supported beam, the traveling contact supporter 13, and the 
movable electrode supporter 12 and the traveling contact supporter 13, the elastic Division for 
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Interlibrary Services 14 is formed in the shape of a doubly-supported beam, and the rotation 
actuation of the traveling contact supporter 13 is attained by the torsion. 
[0018] Like drawing 2 thru/or drawing 4 , the insulating layer (dielectric layer) 21 and traveling 
contact 22 which covered a movable electrode 20 and this front face, respectively are formed 
and arranged, and the fixed electrode 4 and the stationary contact 5 are formed and arranged on 
the substrate which counters these at the substrate opposed face side of the movable 
structured division 10 as the relay structure. The fixed electrode 4 fixed on the insulating 
substrate 1 and the movable electrode 20 fixed to the movable electrode supporter 1 2 are parts 
which constitute the electrostatic actuator which generates electrostatic attraction with the 
electrical potential difference impressed among both, and a fixed electrode 4 and a movable 
electrode 20 are connected to an external power by wiring which is not illustrated. 
[0019] Next, the principle of operation of the electrostatic relay shown with the gestalt of the 
1st operation is explained. Drawing 2 shows each electrode in non-operating state (condition of 
not impressing an electrical potential difference), and the location of each contact, and it is open 
between a contact 5 and 22. If an electrical potential difference is impressed between the fixed 
electrode 4 which constitutes an electrostatic actuator, and a movable electrode 20, 
electrostatic attraction occurs between two electrodes, and the movable structured division 10 
as the relay structure will be rotated to a substrate side like drawing 3 until a traveling contact 
22 contacts a stationary contact 5 according to twisting elasticity deformation of the doubly- 
supported beam-like twisting elasticity section 3. This rotation supporting point is the location of 
the line P of drawing 1 . 

[0020] With the conventional electrostatic relay, actuation of the relay structure stops at this 
time. At this time, a traveling contact 22 and a stationary contact 5 are in a point contact 
condition, sufficient touch area will not be obtained but contact resistance will become high so 
that clearly from drawin g 3 . Moreover, a point of contact is small, and since resistance is high, a 
passage current concentrates, a contact temperature rise is caused, and it becomes easy to 
generate failure of joining of a contact etc. Furthermore, since spacing of the fixed electrode 4 
and movable electrode 20 of an electrostatic actuator is large again, sufficient electrostatic 
attraction cannot be generated, and contact pressure cannot be taken enough. This causes the 
rise of contact resistance. In order to raise contact pressure, a still higher electrical potential 
difference will have to be impressed, the operating voltage of an electrostatic relay will become 
high, and practicality will be missing. 

[0021] however, in an electrostatic relay of the gestalt of this operation, the elastic Division for 
Interlibrary Services 14 deforms with the suction force of an electrostatic actuator from this 
time further — having — just — being alike — it deforms so that a traveling contact 22 may 
become parallel to a stationary contact 5, as shown in drawin g 4 . Field contact of the contacts 
5 and 22 can be carried out in the parallel condition in this time, the stationary contact 5 of a 
pair can short-circuit by the traveling contact 22 like drawin g 1 , and sufficiently low contact 
resistance and sufficiently big contact current capacity can be obtained so that clearly from 
drawing 4 . Furthermore, the electrode 4 of an electrostatic actuator and the distance between 
20 can be made to approach remarkably as compared with the condition of drawin g 3 . That is, 
since the electrostatic attraction of an electrostatic actuator is inversely proportional to the 
square of an electrode spacing, it can apply sufficient pressure for a contact as operating 
voltage is low, and can attain the difficult property in a conventional electrostatic relay called low 
contact resistance and low operating voltage. 

[0022] In addition, if the electrical potential difference between an electrode 4 and 20 is made 
into zero, as for return and the movable structured division 10, twisting elasticity deformation of 
the elastic section 3 will return to the original condition at the non-operating state of drawin g 2 . 

[0023] According to the gestalt of this 1st operation, the effectiveness as follows can be 
acquired. 

[0024] (1) Since the elastic Division for Interlibrary Services 14 was located between the 
movable electrode 20 in the movable structured division 10 which constitutes the relay 
structure, and the traveling contact 22 and constituted the stationary contact 5 and the 
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traveling contact 22 from an parallel condition possible [ contact ] by torsion elastic deformation 
at the time of electrical-potential-difference impression of a between [ a fixed electrode 4 and a 
movable electrode 20 ], it can do field contact of the contacts 5 and 22, and can get sufficiently 
low contact resistance and sufficiently big contact current capacity. 

[0025] (2) The electrode 4 of an electrostatic actuator and the distance between 20 can be 
made to approach remarkably as compared with the condition of drawin g 3 which was a limitation 
in the case of structure conventionally, can enlarge electrostatic attraction, can apply sufficient 
pressure for a contact as operating voltage is low, and they can realize the electrostatic relay 
which can operate with low operating voltage. 

[0026] (3) The movable electrode 20 is covered by the insulating layer 21, and electrodes 4 and 
20 can prevent certainly the short circuit accident which contacts directly. In addition, even if an 
insulating layer 21 intervenes between a movable electrode 20 and a fixed electrode 4, an 
insulating layer 21 is a dielectric with a high dielectric constant compared with air, and does not 
need to consider the fall of the electrostatic attraction by existence of an insulating layer 21 (it 
can ignore.). 

[0027] In addition, although the gestalt of the 1 st operation showed the structure of using the 
twisting elasticity of a doubly-supported beam, as the elastic Division for Interlibrary Services 14 
Do not restrict the configuration of the elastic Division for Interlibrary Services to this, and it is 
arranged so that said traveling contact and said stationary contact may be contacted in parallel 
by elastic deformation at the time of electrostatic relay-action electrical-potential-difference 
impression. The very same effectiveness is acquired in the cantilever configuration pulled out 
from the movable electrode supporter 12 that what is necessary is just to have the elastic 
modulus which said both contacts come to contact in parallel with the electrostatic attraction 
generated between said fixed electrodes and movable electrodes and which can be deformed. 
[0028] Drawing 5 thru/or drawing 8 show the gestalt of operation of the 2nd of this invention. In 
these drawings, the movable structured division 30 which constitutes the relay structure is held 
by the doubly-supported beam-like twisting elasticity section 3 with a substrate 1 to an opening 
through the support structure 2 from the insulating substrate 1 . The movable structured division 
30 consists of the elastic Division for Interlibrary Services 34 which connects the movable 
electrode supporter 32, the traveling contact supporter 33, and doubly-supported beam-like the 
twisting elasticity section 3 and the movable electrode supporter 32 by predetermined die length, 
the elastic Division for Interlibrary Services 34 is formed in band-like [ thinner than the movable 
electrode supporter 32 / two or more ], and the change of the movable electrode supporter 32 
and the traveling contact supporter 33 of it is attained by the elastic deformation (deformation 
by bending) to a direction perpendicular to a vertical side. 

[0029] Like drawing 6 thru/or drawing 8 , a movable electrode 20 and a traveling contact 22 are 
formed and arranged, and the insulating layer (dielectric layer) 6 and stationary contact 5 which 
covered a fixed electrode 4 and this front face are formed and arranged on the substrate which 
counters these at the substrate opposed face side of the movable structured division 30 as the 
relay structure, respectively. The fixed electrode 4 fixed on the insulating substrate 1 and the 
movable electrode 20 fixed to the movable electrode supporter 32 are parts which constitute the 
electrostatic actuator which generates electrostatic attraction with the electrical potential 
difference impressed among both. 

[0030] In addition, other configurations are the same as that of the gestalt of the 1 st operation 
mentioned above. 

[0031] Next, the principle of operation of the electrostatic relay shown with the gestalt of the 
2nd operation is explained. Drawin g 6 shows each electrode in non-operating state (condition of 
not impressing an electrical potential difference), and the location of each contact, and it is open 
between a contact 5 and 22. If an electrical potential difference is impressed between the fixed 
electrode 4 which constitutes an electrostatic actuator, and a movable electrode 20, 
electrostatic attraction occurs between two electrodes, and the movable structured division 30 
as the relay structure will be rotated to a substrate side like drawin g 7 until a traveling contact 
22 contacts a stationary contact 5 with the twisting elasticity of the doubly-supported beam-like 
twisting elasticity section 3. 
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[0032] In the conventional electrostatic relay, since actuation of the relay structure stops at this 
time, as explanation of the gestalt of the 1st operation of operation described, troubles, such as 
lack of a contact touch area, lack of contact pressure, and high operating voltage, arise. 
[0033] however, in an electrostatic relay of the gestalt of this operation, the elastic Division for 
Interlibrary Services 34 which has predetermined die length with the suction force of an 
electrostatic actuator bends and deforms from this time further — having — just — being alike 
— as shown in drawing 8 , it deforms so that a movable electrode 20 and a fixed electrode 4 
may be in a condition parallel thru/or near in parallel and a traveling contact 22 and a stationary 
contact 5 may also be in an parallel condition further. At this time, field contact of the contacts 
5 and 22 can be carried out in the parallel condition, and they can obtain sufficiently low contact 
resistance and big contact current capacity so that clearly from drawing 8 . Furthermore, the 
electrode 4 of an electrostatic actuator and the distance between 20 can be made to be able to 
approach as compared with the condition of drawing 7 until they result in contact mostly through 
an insulating layer 6, and they can generate very strong electrostatic attraction. Therefore, 
pressure sufficient also with low operating voltage for a contact can be applied, and the difficult 
property can attain easily in a conventional electrostatic relay called low contact resistance and 
low operating voltage. 

[0034] According to the gestalt of the 2nd operation, it bends. Thus, the deformable elastic 
Division for Interlibrary Services 34 of predetermined length It is located between the rotation 
supporting point P in the movable structured division 30 which makes the relay structure (center 
of twist of the doubly-supported beam-like twisting elasticity section 3), and a movable 
electrode 20. While it can constitute so that a movable electrode 20 may be attracted by the 
contiguity condition parallel thru/or near in parallel to a fixed electrode 4 by elastic deformation 
at the time of electrical-potential-difference impression of a between [ a fixed electrode 4 and a 
movable electrode 20 ], and being able to enlarge electrostatic attraction Field contact of the 
contacts 5 and 22 is carried out, it makes it possible to obtain sufficiently low contact resistance 
and sufficiently big contact current capacity, and an electrostatic relay of further low operating 
voltage can be realized. 

[0035] In addition, although the gestalt of the 2nd operation showed the structure using the 
elastic deformation to the perpendicular direction to the substrate of a predetermined length 
part with which the movable structured division 30 was formed thinly as the elastic Division for 
Interlibrary Services 34 Do not restrict the configuration of the elastic Division for Interlibrary 
Services to this, and it is arranged so that a movable electrode and a fixed electrode can 
become parallel by elastic deformation at the time of electrostatic relay-action electrical- 
potential-difference impression. The same effectiveness is acquired even if it uses torsion 
rotation of a doubly-supported beam like [ that what is necessary is just to have the elastic 
modulus in which the deformation to which two electrodes result in a condition parallel thru/or 
near in parallel in the electrostatic attraction generated between said fixed electrodes and 
movable electrodes is possible ] the elastic Division for Interlibrary Services 14 which showed by 
drawing 1 . 

[0036] Drawing 9 thru/or drawing 1 1 are the gestalten of operation of the 3rd of this invention, 
and it shows the case where it is prepared also between the rotation supporting point (center of 
twist of the doubly-supported beam-like twisting elasticity section) of the movable structured 
division, and a movable electrode while the elastic Division for Interlibrary Services is prepared 
between the movable electrode in the movable structured division which constitutes the relay 
structure, and the traveling contact. In these drawings, the movable structured division 40 which 
constitutes the relay structure is held by the doubly-supported beam-like twisting elasticity 
section 3 with a substrate 1 to an opening through the support structure 2 from the insulating 
substrate 1 . The movable structured division 40 consists of the 1 st elastic Division for 
Interlibrary Services 44 which connects the doubly-supported beam connection 41 of 
predetermined length, the movable electrode supporter 42, the traveling contact supporter 43, 
and the point and the movable electrode supporter 42 of the doubly-supported beam connection 
41, and the 2nd elastic Division for Interlibrary Services 45 which connects the movable 
electrode supporter 42 and the traveling contact supporter 43. The 1st and 2nd elastic Division 



file://C:¥Documents and Settings¥oonishi¥My Documents¥JPOEn¥JP-A-H1 1-23... 2007/08/31 



JP-A-H1 1-232987 



8/16 v 



for Interlibrary Services 44 and 45 is the doubly-supported beam-like twisting elasticity section, 
and the movable electrode supporter 42 is supported by the 1st elastic Division for Interlibrary 
Services 44 to the tip side of the movable electrode supporter 42 free [ rotation ] to the tip side 
of the doubly-supported beam connection 41, respectively free [ rotation by the 2nd elastic 
Division for Interlibrary Services 45 ] for the traveling contact supporter 43. 
[0037] In addition, other configurations are the same as that of the gestalt of the 1 st operation 
mentioned above, give the same sign to the same or a considerable part, and omit explanation. 
[0038] The situation of the electrostatic relay concerning the gestalt of the 3rd operation to 
drawing 10 and drawing 1 1 of operation is shown. Drawing 10 shows each electrode in non- 
operating state (condition of not impressing an electrical potential difference), and the location 
of each contact. If an electrical potential difference is impressed between the fixed electrode 4 
which constitutes an electrostatic actuator, and a movable electrode 20, electrostatic attraction 
will occur between two electrodes. Like drawing 1 1 the movable structured division 40 as the 
relay structure A traveling contact 22 is contacted to a stationary contact 5 according to 
twisting elasticity deformation of the doubly-supported beam-like twisting elasticity section 3, 
and it rotates to a substrate side until it results in the condition of having stuck the traveling 
contact 22 and the stationary contact 5 in parallel further according to twisting elasticity 
deformation of the 1st and 2nd elastic Division for Interlibrary Services 44 and 45. 
[0039] It becomes possible to make it counter with an air gap, after sticking a traveling contact 
22 and a stationary contact 5 in parallel by choosing appropriately the elastic modulus of the 1st 
[ which is the twisting elasticity section ], and 2nd elastic Division for Interlibrary Services 44 
and 45 when the gestalt of this 3rd operation is taken so that clearly from this drawing 1 1 , 
keeping almost parallel the movable electrode 20 and fixed electrode 4 of an electrostatic 
actuator. While this can obtain electrostatic attraction still stronger than the case where it has a 
wedge air gap as shown in drawing 3 , it becomes possible to avoid completely contact of a 
movable electrode 20 and a fixed electrode 4. Therefore, while the insulating layer formed on the 
movable electrode 20 for constituting an electrostatic actuator or a fixed electrode 4 can make 
needlessness or withstand voltage low, it becomes possible to avoid problems, such as fixing by 
actuator inter-electrode unprepared contact. 

[0040] Drawing 12 and drawin g 13 are the gestalten of operation of the 4th of this invention, 
extend the relay structure from a substrate on both sides of the twisting elasticity section of the 
shape of a doubly-supported beam which carries out rotation support of this relay structure, and 
show the example arranged in the symmetry configuration to the twisting elasticity section of 
the shape of this doubly-supported beam. That is, the electrostatic relay concerning the gestalt 
of the 4th operation possesses the movable structured divisions 10A and 10B which make the 
relay structure by which symmetry arrangement was carried out at both sides so that it can 
rotate freely by the elastic support by the twisting elasticity section 3 and the twisting elasticity 
section 3 of the shape of a doubly-supported beam held with the opening from the substrate 1 
by the insulating substrate 1 , the support structure 2 which was set up and fixed on the 
substrate 1 , and the support structure 2. Since an electrode, a contact arrangement, etc. of 
each movable structured divisions 10A and 10B are the same as that of the gestalt of the 1st 
operation mentioned above, they give the same sign to the same or a considerable part, and omit 
it for details. 

[0041] By giving the electrode 4 of the electrostatic actuator of right and left at the time of an 
electrostatic relay action, and reversal output voltage as shown in drawin g 14 among 20, if the 
configuration of the gestalt of this 4th operation is taken At the time of OFF (OFF) actuation of 
one relay contact 5 and 22, a pulling-apart operation of the contact concerned is not based only 
on the return movement by the elasticity of the doubly-supported beam-like twisting elasticity 
section 3, but it becomes possible to use the electrostatic attraction of an opposite side 
electrostatic actuator, and off actuation of positive relay contact is attained. 
[0042] Moreover, if one pole of a stationary contact on either side is connected to drawin g 12 in 
common like illustration at this time, it is possible to constitute a changeover switch easily, as 
shown in drawing 15 . 

[0043] Furthermore, the group of the stationary contact 5 by the side of the substrate which 
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counters one traveling contact 22 of the movable structured divisions 10A and 10B and this can 
be omitted, and it can also consider as the configuration which raised the certainty of OFF 
actuation. 

[0044] In addition, although the gestalt of each operation explained until now showed the 
example which formed the movable electrode used as one electrode of an electrostatic actuator 
in the substrate side side of the relay structure (movable structured division) That what is 
necessary is just to generate electrostatic attraction between a fixed electrode and a movable 
electrode substantially in addition to this, if it is the insulator and high resistor of a high 
dielectric constant, the structure, i.e., the relay structure, of an electrostatic actuator, this 
electrode location If a movable electrode location may be arranged to the opposite side by the 
side of the substrate side of the relay structure and said structure itself is constituted from a 
conductive member, it is also possible to use the structure concerned itself as a movable 
electrode. 

[0045] Moreover, two or more traveling contacts 22 arranged at the edge of the relay structure 

(movable structured division) may be arranged not only in one piece. 

[0046] 

[Example] Next, an example explains this invention concretely. 

[0047] Drawing 1 6 and drawing 17 are the top views and side elevations of an electrostatic relay 
which were formed by this example. In this example, the single crystal Si plate 51 which formed 
with a thickness of about 1 micrometer Si02 insulating-layer 51a by the oxidizing [ thermally ] 
method like drawing 18 (A) first was used as the substrate, Au with a thickness of about 500nm 
was formed all over the substrate by the spatter, then photo etching was used, and patterning of 
the fixed electrode 54 of an electrostatic actuator and the stationary contact 55 of a relay was 
carried out, respectively. Next, by the reactant spatter, about 100nm SiN insulating layer was 
formed all over the substrate, similarly it left the fixed electrode 54 top of an electrostatic 
actuator by the photo etching method, selection removal of this insulating layer was carried out, 
and it considered as the insulating layer 56. 

[0048] Next, about 3 micrometers of Si02 film which serves as the sacrifice layer 81 all over a 
substrate were deposited using the reduced pressure CVD method like drawing 18 (B). And 
about 500nm of Si02 film of the location equivalent to a traveling contact 72 was investigated by 
the RIE method, about 500nm Au film was further formed with about 20nm SiN reaction 
prevention layer all over the substrate, patterning was carried out to the predetermined 
configuration by photo etching, and the movable electrode 70 of an electrostatic actuator and 
the traveling contact 72 of a relay were formed. Furthermore, selection removal of the part 82 
equivalent to the support structure 52 of Si02 film of the sacrifice layer 81 is carried out after 
this using photo etching. 

[0049] Finally the reduced pressure CVD method was used, about 4 micrometers of polycrystal 
Si film 83 were formed all over the substrate like drawin g 18 (C), and patterning was carried out 
to the configuration of the movable structured division used as the relay structure described 
below by the RIE method. 

[0050] Then, selective etching of the Si02 film of the sacrifice layer 81 was carried out by HF, 
and the movable structured division 60 used as the relay structure shown in drawing 16 and 
drawing 1 7 was released and formed. 

[0051] Die-length a from the support structure 52 of the doubly-supported beam-like twisting 
elasticity section 53 is about 100 micrometers and about 6 micrometers of****. Moreover, the 
movable structured division 60 which constitutes the relay structure The movable electrode 
supporter 62, 6 micrometers of**** whose doubly-supported beam connection 61, width of face 
c, and die-length d whose die-length b is about 100 micrometers are about 200 micrometers, 
respectively, It consists of the doubly-supported beam-like twisting elasticity Division for 
Interlibrary Services 64 whose die-length e is about 50 micrometers, and a traveling contact 
supporter 63 whose die-length f is about 50 micrometers, the movable structured division 60 
whole — the twisting elasticity of the doubly-supported beam-like twisting elasticity section 53 
— rotation — while it is movable, the traveling contact supporter 63 serves as rotation movable 
structure with the twisting elasticity of the elastic doubly-supported beam-like Division for 
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Interlibrary Services 64. 

[0052] Contacts 55 and 72 closed the electrostatic relay concerning this example by impressing 
the operating voltage of about 20 a little less thanv between the electrode 54 which constitutes 
an electrostatic actuator, and 70, the contact resistance at this time was about 0.2ohms, and it 
was possible to have passed 100mA or more of contact currents. This value is a sufficiently 
usable property as a relay for small signals, and it is also possible to consider as low-battery 
actuation further by geometry modification of to make small thickness of Si02 film used as a 
sacrifice layer, expansion of an electrostatic actuator electrode surface product, etc. 
[0053] As a result of the same structure's creating and estimating structure as an example of a 
comparison conventionally without the elastic Division for Interlibrary Services which does 
elastic support of the traveling contact supporter, similarly operating voltage was about 20 a 
little less thanv, but in order to show the high value of 5-10ohms or more and to lower to 
contact resistance 1ohm or less, the operating voltage beyond 50V was required for contact 
resistance. Furthermore, when the several mA contact current was passed, the contact welded 
and off actuation became impossible. 

[0054] If the electrostatic relay structure of this invention is used so that clearly also from the 
above, the conventionally impossible low-battery drive, low contact resistance, and an 
electrostatic high relay of the practicality of high contact capacity can constitute easily. 
[0055] In addition, you may stick through a spacer on the insulating substrate which does not 
restrict the configuration approach of an electrostatic relay of this invention to this although the 
example in which the movable structured division which serves as the relay structure, using thin 
film coating technology at this example was formed is shown, formed the traveling contact and 
the movable electrode in the single crystal Si substrate as the movable structured division, for 
example, similarly formed the stationary contact and the fixed electrode using techniques, such 
as anisotropic etching, after forming in predetermined structure. Even in such a case, as 
compared with the conventional structure, it is possible to acquire a low-battery drive and the 
property of high contact capacity easily. 

[0056] Moreover, it is also possible to use for a front face the metallic thin plate which carried 
out insulating processing as the movable structured division used as the relay structure. The 
electrostatic relay formed by such approach is applicable to the application which passes a 
bigger contact current as compared with the electrostatic relay which used thin film coating 
technology. 

[0057] Although the gestalt and example of operation of this invention have been explained 
above, probably, as for this invention, it will be obvious to this contractor for various kinds of 
deformation and modification to be possible within the limits of the publication of a claim, without 
being limited to this. 
[0058] 

[Effect of the Invention] As explained above, according to the electrostatic relay concerning this 
invention, the conventional electrostatic relay can solve problems, such as lack of contact 
current capacity by the point contact of contacts and it which were being held as a problem, and 
a contact resistance rise, it can become possible to carry out field contact of the contacts, and 
big contact capacity and low contact resistance can be attained. 

[0059] Furthermore, if the configuration of this invention is used, since it is possible to make said 
inter-electrode distance approach remarkably as compared with the former also as for the 
trouble that operating voltage becomes high in order to conquer conventionally the contact- 
resistance rise which it had produced since an inter-electrode distance which constitutes an 
electrostatic actuator was not able to approach enough at the time of actuation according being 
inadequate in contact pressure to it, and this, it becomes possible to attain the low contact 
resistance by sufficient contact pressure and sufficient it with operating voltage lower than 
before. 

[0060] It is possible for this invention to constitute the electrostatic relay with very high 
practicality by remarkable improvement Of these relay properties as compared with the 
conventional electrostatic relay. 
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[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the top view showing the gestalt of implementation of the 1st of the 

electrostatic relay concerning this invention. 

[Drawing 2] It is the II — II sectional side elevation of drawing 1 . 

[ Drawing 3 ] It is the sectional side elevation showing the condition in the middle of contact ON 
actuation in the gestalt of the 1 st operation. 

[Drawing 4] It is the sectional side elevation showing the completion condition of contact ON 
actuation in the gestalt of the 1 st operation. 

[ Drawing 5] It is the top view showing the gestalt of operation of the 2nd of this invention. 
[ Drawing 6] It is the VI-VI sectional side elevation of drawing 5 . 

[ Drawing 7] It is the sectional side elevation showing the condition in the middle of contact ON 
actuation in the gestalt of the 2nd operation., 

[ Drawing 8 ] It is the sectional side elevation showing the completion condition of contact ON 
actuation in the gestalt of the 2nd operation. 

[ Drawing 9] It is the top view showing the gestalt of operation of the 3rd of this invention. 
[Drawing 10 ] It is the X-X sectional side elevation of drawing 9 . 

[ Drawing 1 1] It is the sectional side elevation showing the completion condition of contact ON 
actuation in the gestalt of the 3rd operation. 

[ Drawin g 12 ] It is the top view showing the gestalt of operation of the 4th of this invention. 
[Drawing 13] It is the XIII— XIII sectional side elevation of drawing 12 . 

[ Drawin g 14] It is the wave form chart showing the voltage waveform impressed to inter- 
electrode [ of the electrostatic actuator of a pair ] in the gestalt of the 4th operation. 
[ Drawin g 1 5 ] It is a circuit diagram at the time of constituting a changeover switch in the gestalt 
of the 4th operation. 

[Drawin g 16] It is the top view showing the example of this invention. 
[ Drawin g 17] It is the XVII-XVII sectional side elevation of drawing 16 . 

[ Drawing 18 ] It is the explanatory view showing the manufacture process of the electrostatic 
relay concerning the example of this invention. 
[Description of Notations] 

1 Substrate 

2 52 Support structure 

3 53 The doubly-supported beam-like twisting elasticity section 

4 54 Fixed electrode 

5 55 Stationary contact 
6, 21, 56 Insulating layer 

10, 10A, 10B, 30, 40, 60 Movable structured division 

11, 41, 61 Doubly-supported beam connection 

12, 32, 42, 62 Movable electrode supporter 
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1 3, 33, 43, 63 Traveling contact supporter 

14, 34, 44, 45, 64 Elastic Division for Interlibrary Services 
20 70 Movable electrode 

22 72 Traveling contact 

51 Single Crystal Si Plate 81 <BR> Sacrifice Layer 
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[Drawing 2] 
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[Drawing 7] 




[Drawing 10] 



43 




[Drawing 1 5 ] 



[Drawing 1 7 ] 
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[Drawin g 16 ] 
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